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CORE CONFIGURATION FOR A NUCLEAR 
REACTOR 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Patent Application 
Serial No. 09/024,867 filed February 17, 1998. 

BACKGROUND OF THE INVENTION 

This invention relates generally to nuclear reactors and, more 
particularly, to fuel bundle and control rod configurations for nuclear reactors. 

5 A reactor pressure vessel (RPV) of a boiling water reactor (BWR) 

typically has a generally cylindrical shape and is closed at both ends, e.g., by a bottom 
head and a removable top head. A top guide typically is spaced above a core plate 
within the RPV. A core shroud, or shroud, typically surrounds the core plate and is 
supported by a shroud support structure. Particularly, the shroud has a generally 
10 cylindrical shape and surrounds the both the core plate and the top guide. The top 
guide includes several openings, and fuel bundles are inserted through the openings 
and are supported by the core plate. 

A plurality of openings are formed in the bottom head dome so that 
components, such as control rod drive assemblies, can extend within the RPV. As an 
15 example, for a control rod drive assembly, a control rod drive housing, for example, a 
tube, is inserted through the bottom head dome opening and a control rod drive is 
inserted through the control rod drive housing. The control rod drive is coupled to a 
control rod to position the control rod within the core. 

A nuclear reactor core includes individual fuel assemblies that have 
20 different characteristics that affect the strategy for operation of the core. For example, 
a nuclear reactor core has many, e.g., several hundred, individual fuel bundles that 
have different characteristics. Such bundles preferably are arranged within the reactor 
core so that the interaction between the fuel bundles satisfies all regulatory and reactor 
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design constraints, including governmental and customer specified constraints. In 
addition to satisfying the design constraints, since the core loading arrangement 
determines the cycle energy, i.e., the amount of energy that the reactor core generates 
before the core needs to be refreshed with new fuel elements, the core loading 
arrangement preferably optimizes the core cycle energy. 

In order to furnish the required energy output, the reactor core is 
periodically refueled with fresh fuel bundles. To optimize core cycle energy, the 
higher reactivity bundles may be positioned at an inner core location. To satisfy some 
design constraints, however, higher reactivity bundles generally are positioned at an 
outer core location. The most depleted fuel bundles, i.e., the bundles with the least 
remaining energy content, are removed from the reactor. The interval between 
refuelings is referred to as a cycle of operation. 

During the course of the cycle of operation, the excess reactivity, which 
defines the energy capability of the core, is controlled in two ways. Specifically, a 
burnable poison, e.g., gadolinia, is incorporated in the fresh fuel. The quantity of 
initial burnable poison is determined by design constraints typically set by the utility 
and by the NRC. The burnable poison controls most, but not all, of the excess 
reactivity. 

Control rods also control the excess reactivity. Specifically, the reactor 
core contains control rods which assure safe shutdown and provide the primary 
mechanism for controlling the maximum power peaking factor. The total number of 
control rods available varies with core size and geometry, and is typically between 50 
and 269. The position of the control rods, i.e., fully inserted, fully withdrawn, or 
somewhere between, is based on the need to control the excess reactivity and to meet 
other operational constraints, such as the maximum core power peaking factor. 

.Onefaiowncontrol rod includes a central portion having four radially 
extending blades. The blades define four fuel bundle channels, and when inserting the 
control rod into the core, the control rod is positioned so that one fuel bundle is 
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positioned within each channel. Therefore, for example, approximately 100 control 
rods are included in a reactor having 400 fuel bundles. 

To reduce the number of control rods necessary for efficient operation, 
one known reactor includes fuel bundles arranged in a K-lattice configuration. Each 
5 fuel bundle in such reactor is substantially larger than a conventional size fuel bundle, 
and represents twice the pitch as the conventional BWR fuel configuration. The 
larger fuel bundles facilitate increasing the peaking factor of the BWR core. 
Particularly, the maximum channel integrated power, i.e., highest radial peaking 
factor, is greater for such large twice pitch K-lattice fuel bundle core than for a core 
10 loaded with conventional size fuel bundles. The maximum channel peaking factor for 
the large twice pitch bundle core, for example, is approximately 1.7, whereas the 
maximum channel peaking factor for a conventional core typically is approximately 
about 1.4 or 1.5. 

Such larger fuel bundles also facilitate reducing the number of control 
15 rod drives, and thus reduce the capital cost of the reactor. Particularly, fuel assemblies 
including such twice pitch bundles are approximately four times the size of 
conventional fuel assemblies. Accordingly, fewer twice pitch bundles may be 
installed in nuclear reactor as compared to standard size fuel bundles. Fewer control 
rods, therefore, are needed to control reactivity between the fewer twice pitch bundles 
20 as compared to standard size fuel bundles. Power is generated with fewer twice pitch 
fuel bundles as compared to standard size fuel bundles. In addition, refueling time is 
decreased due to the reduced number of fuel bundles. 

The twice pitch bundles provide for a nuclear reactor having a reduced 
number of control rod drives and a substantial reduction in capital cost as compared 
25 with a conventional reactor utilizing conventional fuel bundles. However, such larger 
bundles typically also require substantial redesign of the fuel assembly, (e.g., with a 
twice pitch bundle design, the fuel assembly is approximately four times the size of a 
conventional fuel assembly). Similarly, the larger bundles typically impose more 
parasitic material in the core, and are more susceptible to bow and bulge. In addition, 
30 the ability to perform sub-bundle shuffling, i.e., the ability to reposition individual 
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fuel, bundles within the core or remove individual fuel bundles from the core, is 
substantially compromised with the larger fuel bundles. 

It would be desirable to reduce the number of control rod drives 
without requiring substantial redesign of a fuel assembly. It also would be desirable 
5 to reduce the number of control rod drives without substantially compromising the 
ability to perform sub-bundle shuffling. 

BRIEF SUMMARY OF THE INVENTION 

In an embodiment of the present invention, the core of a nuclear reactor 
includes a plurality of fuel bundles and a plurality of large control rods. Each large 
control rod is about two times the width of a conventional control rod and includes 
10 four control rod blades extending radially from a central portion and arranged at right 
angles to each other. The blades define four fuel bundle receiving channels. The core 
is configured so that the control rods are arranged in a plurality of staggered rows with 
four fuel bundles in each receiving channel. This configuration is defined as an F- 
lattice configuration. 

15 In this F-lattice configuration a fuel cell is formed by one large control 

rod and sixteen fuel bundles. The four blades of the control rod divide the fuel cell 
into four equal quadrants. The fuel bundles are arranged around the control rod so 
that there are four fuel bundles in each quadrant of the fuel cell. The core is formed 
from a plurality of fuel cells. In the F-lattice configuration with the large control rods 

20 arranged in staggered rows, each edge of a fuel cell is adjacent to and substantially 
parallel to a blade of a control rod. 

The F-lattice configuration results in a reduction of the number of 
control rods needed for the control of a core. For example, when 269 control rods are 
used in a nuclear reactor core design, the F-lattice configuration can reduce the 
25 number of control rods to 137. This results in a cost reduction because of the 
reduction in the number of control rod drives needed in the reactor. 
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The F-lattice configuration also permits the use of standard sized fuel 
bundles without the need to redesign the fuel bundle assemblies. Additionally, the 
staggered row configuration of the large control rods increases the relative poison 
worth of the large control rods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Figure 1 is a sectional view, with parts cut away, of a boiling water 

nuclear reactor pressure vessel. 

Figure 2 is schematic top view of a core configuration for the nuclear 
reactor shown in Figure 1 . 

Figure 3 is a schematic top view of another core configuration for athe 
10 nuclear reactor shown in Figure 1 . 

Figure 4 is a schematic top view of a core configuration for the nuclear 
reactor shown in Figure 1 in accordance with an embodiment of the present invention. 

Figure 5 is an enlarged schematic top view of a fuel cell shown in 

Figure 4. 

DETAILED DESCRIPTION OF THE INVENTION 

15 Figure 1 is a sectional view, with parts cut away, of a boiling water 

nuclear reactor pressure vessel (RPV) 10. RPV 10 has a generally cylindrical shape 
and is closed at one end by a bottom head 12 and at its other end by a removable top 
head 14. A side wall 16 extends from bottom head 12 to top head 14. A cylindrically 
shaped core shroud 20 surrounds a reactor core 22. Shroud 20 is supported at one end 

20 by a shroud support 24 and includes a removable shroud head 26 at the other end. An 
annulus 28 is formed between shroud 20 and side wall 16. 

Heat is generated within core 22, which includes fuel bundles 36 of 
fissionable material. Water circulated up through core 22 is at least partially 
converted to steam. Steam separators 38 separates steam from water, which is 
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recirculated. Residual water is removed from the steam by steam dryers 40. The 
steam exits RPV 10 through a steam outlet 42 near vessel top head 14. 

The amount of heat generated in core 22 is regulated by inserting and 
withdrawing control rods 44 of neutron absorbing material, such as for example, 
5 hafnium. To the extent that control rod 44 is inserted into fuel bundle 36, it absorbs 
neutrons that would otherwise be available to promote the chain reaction which 
generates heat in core 22. Control rod guide tubes 46 maintain the vertical motion of 
control rods 44 during insertion and withdrawal. Control rod drives 48 effect the 
insertion and withdrawal of control rods 44. Control rod drives 48 extend through 
10 bottom head 12. 

Fuel bundles 36 are aligned by a core plate 50 located at the base of 
core 22. A top guide 52 aligns fuel bundles 36 as they are lowered into core 22. Core 
plate 50 and top guide 52 are supported by core shroud 20. Fuel bundles 36 have a 
substantially square cross section. In alternative embodiments, fuel bundles can have 
15 a rectangular or other polygon cross section. 

Figure 2 is schematic top view of a conventional configuration 54 of 
control rods 44 and fuel bundles 36 of core 22 in nuclear reactor 10. Control rods 44 
include four control rod blades 56 extending radially from a central portion 58 and 
arranged at right angles to each other. Blades 56 define four fuel bundle receiving 
20 channels 60 around control rod 44. Each receiving channel 60 is sized to receive one 
fuel bundle 36. Conventional configuration 54 has control rods 44 arranged in even 
rows 62 between fuel bundles 36. This arrangement is known as a square pitch. 
Arrangement 54 includes four fuel bundles 36 surrounding each control rod 44 with 
each fuel bundle 36 positioned in a fuel bundle receiving channel 60. 

25 A control rod 44 and four surrounding fuel bundles 36 define a fuel 

cell 64. Control rod blades 56 are positioned to divide cell 64 into four quadrants 66, 
68, 70, and 72. Each quadrant 66, 68, 70, and 72 of cell 64 contains one fuel bundle 
36. 
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Figure 3 is a schematic top view of a K-lattice configuration 74 of core 
22 in nuclear reactor 10. K-lattice configuration 74 has large control rods 76 in 
staggered rows 78 with four large fuel bundles 80 surrounding each large control rod 
76. Large control rods 76 include four control rod blades 82 extending radially from a 
central portion 84 and arranged at right angles to each other. Blades 82 define four 
fuel bundle receiving channels 86 around control rod 76. Each large fuel bundle 80 is 
positioned in a fuel bundle receiving channel 86 so that each receiving channel 86 
includes one large fuel bundle 80. 

, A large control rod 76 is between about 1 .5 to 2.0 times the width of a 

conventio nal contro l rod 44 shown in Figure 2. A large fuel bundle 80 is between 1.5 
to 2.0 times the width of a conventional fuel bundle 36 shown in Figure 2. Large 
control rods 76 and large fuel bundles 80 permit the use of fewer control rods in core 
22. 

In K-lattice configuration 74, a large control rod 76 and four 
surrounding large fuel bundles 80 define a fuel cell 88. Fuel cells 88 are similar to 
fuel cells 64 described above. However, because of the arrangement of large control 
rods 76 in staggered rows 78, a large control rod blade 82 is adjacent to and parallel 
to each side 90 of cell 88. Particularly, in K-lattice configuration 74, a large control 
rod blade 82 is adjacent to and parallel to each side 92 of each large fuel bundle 80 in 
cell 88. As shown in Figure 2, each fuel cell 64 does not have a control rod blade 
adjacent to and parallel to the sides of fuel cell 64. 

As described above, maximum channel integrated power (i.e., highest 
radial peaking factor) is greater utilizing large fuel bundles 80 than for a core loaded 
with conventional size fuel bundles 36. While this increased pitch is desirable, large 
fuel bundles 80 substantially prevent performing sub-bundle shuffling, which often is 
desirable. Moreover, large fuel bundles 80 require larger bundle channels than 
standard size fuel bundles 36, and such larger bundle channels are expensive, add 
more parasitic material in the core region, and may have problems with bend and bow 
when irradiated. 




Referring to Figure 4, in accordance with one embodiment of the 
present invention, and to obtain the benefits of reduced control rods and control rod 
drives, without suffering the problems associated with large juel bundles 80 identified 
above, substantially standard size fuel bundles 36 and large control rods 76 are 
utilized in core 22. Particularly, nuclear reactor core 22 includes large control rods 76 
and conv entional size fuel bundles 36. Each large control rod 76 is sized to provide 
poison control for sixteen conventional size fuel bundles 36. Conventional size fuel 
assemblies 36 and large control rods 76 are arranged in a F-lattice configuration 94 to 
facilitate minimizing the number of control rod drives and control rods. F-lattice 
10 configuration 94 has large control rods 76 in staggered rows 96 with sixteen 
conventional fuel bundles 36 surrounding each large control rod 76. 

Referring also to Figure 5, in F-lattice configuration 94, a large control 
rod 76 and sixteen surrounding conventional fuel bundles 36 define a fuel cell 98. 
Control rod blades 82 are positioned to divide cell 98 into four quadrants 100, 102, 

15 104, and 106. Each quadrant 100, 102, 104, and 106 contains four conventional fuel 
bundles 36. Fuel cell 98 has a substantially square cross section. However, in other 
embodiments, fuel cell 98 can have a rectangular or other polygon shaped cross 
section where the polygon has four to 12 sides. As described above, large control rod 
blades 82 define four fuel bundle receiving channels 86 around large control rod 76. 

20 Each receiving channel contains four fuel bundles 36. In alte matrv ee mbodiments , F- 1 
lattice configuration can have fewer than, or more than four fuel bundles 36 in each! 
fuel bundle receiving channel 86. 

Figure 5 is a schematic, more detailed, top view of one fuel cell 98 
having sixteen st andard size fuel bundles 36 surrounding one large control rod 76. 

25 Each fuel bundle 36 includes a handle 108 extending from its top end 110. Fuel 
bundles 36 are configured in four groups 112, 114, 116, and 118, and each group 112, 
114, 116, and 118 includes a 2x2 matrix of fuel bundles 36. Each group 112, 114, 
1 16, and 1 18 also is positioned within a respective fuel bundle receiving channel 86. 
Control rod blades 82 from adjacent large control rods 76 are located adjacent to and 

30 substantially parallel to the outer sides of cell 98. In this F-lattice arrangement 94, 
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each receiving channel 86 is defined by two blades 82 from control rod 76 located 
within cell 98 and two blades 82 from an adjacent large control rod 76. 

With respect to each group 112, 114, 116, and 118, channel spacers 
120 are coupled to each fuel bundle 36 to substantially space each fuel bundle 36 from 
an adjacent fuel bundle 36. In addition, spring and guard assemblies 122 are coupled 
to fuel bundles 36 to facilitate supporting fuel bundles 36 within bundle receiving 
channels 86. For example, and referring only to group 112 of fuel bundles 36, four 
spring and guard assemblies 122 are substantially centered within group 112, and are 
coupled to adjacent corners 124 of fuel bundles 36, respectively. 

F-lattice configuration 94 results in a reduction of the number of 
control rods needed for the control of core 22. For example, when 269 control rods 
are used in a nuclear reactor core design, F-lattice configuration 76 can reduce the 
number of control rods to 137. This results in a cost reduction because of the 
reduction in the number of control rod drives needed in the reactor. 

F-lattice configuration 94 also permits the use of standard sized fuel 
bundles 36 without the need to redesign the fuel bundle assemblies. Additionally, 
staggered row configuration 78 of large control rods 76 increases the relative poison 
worth of large control rods 76. 

While the invention has been described in terms of various specific 
embodiments, those skilled in the art will recognize that the invention can be practiced 
with modification within the spirit and scope of the claims. 



